Neur ocognitive deficits are now recognized as an important dimension of schizophrenia that may be more closely linked to functional outcome than are symptoms (1) . Until recently a spirit of nihilism characterized most cognition treatment studies of patients with schizophrenia, since conventional antipsychotic drugs yielded at best limited normalization of selected deficits (2) . More recent studies that have used the atypical antipsychotic drug clozapine and other newer antipsychotic drugs such as risperidone and olanzapine have shown greater promise in treating neurocognitive deficits (3, 4) . There is more information about clozapine's effects on cognition than there is for other atypical antipsychotic drugs, which reflects clozapine's earlier availability and use (5) . So far only a few studies have reported head-to-head comparisons of clozapine and other newer antipsychotic drugs on cognitive functions, and none has used a double-blind design (6) (7) (8) .
Since clozapine has remained the "gold standard" for patients with a history of suboptimal clinical response to treatment, it is important to determine specifically how its cognitive effects compare with those of newer agents and conventional treatment in this population. Published trials involving newer antipsychotic drugs have also been limited by a range of methodological issues, including small patient group sizes and the lack of random assignment to treatments (reviewed in reference 3). There is so far little evidence suggesting differences among atypical antipsychotic drugs in their cognitive effects, despite putative differences in mechanisms of action (5, 9, 10) . One recent comparison of atypical agents showed a cognitive advantage for olanzapine over risperidone (11) , but a larger trial revealed no clear differences (12) . If there are differences between the neurocognitive effects of these agents, it could be of both clinical and theoretical importance.
We aimed to assess neurocognitive effects of four treatments-clozapine, haloperidol, olanzapine, and risperidone-in a group of patients with schizophrenia or schizoaffective disorder who had not responded fully to previous treatments; a 14-week, double-blind design was used. The primary clinical findings of this study have been previously published (13) . In brief, clozapine, olanzapine, and risperidone (but not haloperidol) yielded significant improvements in symptoms. All three atypical antipsychotic drugs were superior to haloperidol in ameliorating negative symptoms, and this was not attributable to differences in extrapyramidal side effects. Clozapine was superior to risperidone in its effects on negative symptoms. We report here the results of neurocognitive assessments conducted at baseline (before random assignment) and at endpoint. We hypothesized that the atypical antipsychotic drugs would yield greater cognitive benefits than would haloperidol and aimed to determine whether there were any differences in neurocognitive effects among the atypical agents.
Method

Participants
The participants were 18-to 60-year-old inpatients at four state psychiatric hospitals (two in New York and two in North Carolina). After complete description of the study to the participants, written informed consent was obtained in line with each institution's review board guidelines.
For inclusion in the study, patients were required to have a diagnosis of treatment-resistant DSM-IV schizophrenia or schizoaffective disorder. Treatment resistance was defined by two criteria, both of which had to be present. The first criterion was persistent positive symptoms (hallucinations, delusions, or marked thought disorder) after at least 6 contiguous weeks of treatment, presently or documented in the past, with one or more typical antipsychotics at doses ≥600 mg/day of chlorpromazine. The second criterion of treatment resistance was a poor level of functioning over the past 2 years, defined by the lack of competitive employment or enrollment in an academic or vocational program and not having age-expected interpersonal relations with someone outside the biological family of origin with whom ongoing regular contacts were maintained. In addition, patients were required to have a baseline total score ≥60 on the Positive and Negative Syndrome Scale (14) .
Patients were excluded from the study if they had a history of nonresponse to clozapine, risperidone, or olanzapine, defined as an unambiguous lack of improvement despite a contiguous adequate trial of at least 6 weeks (for risperidone or olanzapine) or 14 weeks (for clozapine). Patients with a history of clozapine, olanzapine, risperidone, or haloperidol intolerance as well as those who received a depot antipsychotic within 30 days before random assignment were also excluded.
Treatments
During a baseline period of 1 to 2 weeks, patients' prestudy antipsychotic medications were adjusted so that daily dose did not exceed 750 mg in chlorpromazine equivalents. Other concomitant medications such as mood stabilizers and antidepressants were gradually tapered and discontinued before patients received study medication. After baseline assessments, patients were randomly assigned to one of four treatment arms: clozapine, olanzapine, risperidone, or haloperidol. Trial antipsychotics were administered double-blind; all patients had weekly blood tests. Psychiatrists blind to treatment group assignment changed doses by prescribing "levels" of medication (detailed explanation of the procedures available on request). The 14-week trial consisted of an 8-week escalation and fixed-dose period and a 6-week variable-dose period.
During the first 8 weeks of the study, the prestudy antipsychotic was gradually discontinued while the doses of olanzapine, risperidone, and haloperidol were escalated to their target levels (20, 8 , and 20 mg/day, respectively) at which they remained fixed until the end of the first study period. We aimed to reach the target level of clozapine (500 mg/day) on day 24; the dose remained fixed at that level until the end of the first study period. Dosing schedules were adjusted depending on the patient's clinical status, including side effects. Mean dose levels (mg/day) achieved during this first period of the study (last observation carried forward) for patients included in the neurocognitive analysis were 452 (SD=121) for clozapine, 20.2 (SD=1.0) for olanzapine, 8.3 (SD=2.2) for risperidone, and 19.6 (SD=2.0) for haloperidol.
During the last 6 weeks of the study, antipsychotic dose was allowed to vary within the following ranges: clozapine, 200-800 mg/ day; olanzapine, 10-40 mg/day; risperidone, 4-16 mg/day; and haloperidol, 10-30 mg/day. In general, doses were gradually increased if adequate improvement was not achieved. Side effects could preclude dose escalation and could lead to dose reductions. Psychiatrists who were blind to antipsychotic assignment prescribed all dose changes.
Throughout the study, all patients were receiving (doubleblind) either benztropine or benztropine placebo or a combination of both. Benztropine (4 mg/day) was administered prophylactically to all patients receiving haloperidol. Patients assigned to atypical antipsychotic drugs were initially receiving only benztropine placebo. If the treating psychiatrist (who was unaware of antipsychotic assignments) determined clinically that a patient should be treated for extrapyramidal side effects, the psychiatrist could write prescriptions for "benztropine supplements" that would result in real benztropine gradually replacing benztropine placebo (up to 6 mg/day). An analogous arrangement for "supplements" was available to raise the dose of benztropine from 4 to 6 mg/day in patients assigned to haloperidol for emerging extrapyramidal symptoms. Propranolol was allowed for the treatment of akathisia.
Lorazepam, diphenhydramine hydrochloride, or chloral hydrate were prescribed open-label (by psychiatrists who were blind to antipsychotic treatment assignment) as needed for the treatment of agitation and insomnia in the dose ranges recommended by the manufacturers. No other adjunctive psychotropic medications (e.g., mood stabilizers and antidepressants) were allowed.
Clinical Assessments
Blind raters performed all clinical research assessments. The clinical symptom ratings included primarily the Positive and Negative Syndrome Scale (14) as a measure of efficacy, as reported separately (13) . It was administered at baseline and then weekly during the first month of the study and every other week thereafter. Extrapyramidal side effects were assessed by trained raters using the Extrapyramidal Symptom Rating Scale (15) . The time schedule for administration of the paired and single-rater Extrapyramidal Symptom Rating Scale was the same as for the Positive and Negative Syndrome Scale. Nursing staff rated sedation with the Nurses' Observation Scale for Inpatient Evaluation (NOSIE) (16) . Trained raters also used the Quality of Life Scale (17) to evaluate patients at baseline and endpoint.
Blood samples for the determination of the antipsychotic plasma levels were drawn at baseline and at weeks 5, 8, and 10-14. Samples were drawn approximately 12 hours after the last dose of medication. Clozapine assay used a modification of a published method (18) . Olanzapine assay was a modified validated liquid chromatographic procedure with electrochemical detection (19) . Risperidone and 9-hydroxyrisperidone assays used a modified liquid chromatographic method (20) . Haloperidol assay was based on a published method (21) .
Neurocognitive Assessments
The neurocognitive battery was designed to examine functional domains previously considered important by virtue of their ANTIPSYCHOTICS AND COGNITION demonstrated impairment in people with schizophrenia, their relations to functional outcomes, or their demonstrated change in prior studies of antipsychotic treatment. These assessments focused on measures of general ability, learning and memory, attention, executive functions, and motor skills. The battery included 15 tests that assessed these domains. The specific tests used have been described extensively in prior research by us and others (1, 22, 23) . Patients were assessed at the end of the lead-in period before random assignment and at the end of the 14-week trial. In case of premature termination between weeks 4 and 14, endpoint neuropsychological assessments were performed. To minimize sedation effects, assessments were postponed until at least 24 hours after the last dose of any treatment for agitation.
Data Analysis
Before analysis of neurocognitive data, we examined major demographic variables, treatment, and clinical outcomes in the patients that completed neurocognitive testing compared with those who did not. All neurocognitive variables were examined in terms of their distribution properties to determine whether baseline differences in neurocognitive scores existed between treatment groups. Sixteen variables were selected from 12 tests for analysis of treatment effects on neurocognitive domains (the three tests not considered for scale construction were the MiniMental State Examination, which is a general screening instrument, and the WAIS-R vocabulary and information subtests, which were only administered at baseline to help estimate general cognitive ability and index "premorbid" cognitive capacity). Principal-components analysis on all nonmissing baseline data was used to determine whether the 16 neurocognitive test variables could be reduced to a smaller number of interpretable domain scores. For each test variable, z scores (with mean=0 and SD=1) were computed by using the baseline means and standard deviations from patients who completed that test at both baseline and endpoint. One "global" score (reflecting the equally weighted mean of all nonmissing scores on the 16 test variables) and domain scores were then computed by averaging the z scores on contributing variables; all z scores were computed so that positive scores indicate better performance. Analysis of treatment effects in each domain used the mixed-models approach to repeatedmeasures analysis of variance (SAS Institute, Cary, N.C.) with baseline and endpoint scores as dependent variables, time as a within-subject repeated measure, and treatment group (clozapine, haloperidol, olanzapine, risperidone) as a between-subjects fixed factor. To control for type I error given the multiplicity of statistical tests, we used a step-down Bonferroni procedure that con- 
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siders the fact that effects of interest may be observed for both the main effect of time (since there are four treatment groups, any one of which can show change) and the interaction effect of treatment group with time (yielding six pairwise comparisons between the treatment groups) (24) . For analysis of the global scale the family-wise alpha was set at 0.05, and for the tests of the four domain scores we divided alpha by the number of scales to set the critical alpha level (0.05/4=0.0125). Individual test scores were not analyzed separately, since with 16 tests we felt the analysis would suffer either from capitalization on chance (given the number of tests) or from overly conservative alpha levels that would be needed to control for test multiplicity.
There is no widely accepted method for deciding what are clinically significant (as opposed to statistically significant) changes in neurocognitive performance. Some investigators have suggested that a change of 0.5 standard deviation units (with respect to baseline score and standard deviation) is "clinically meaningful" (12) . To determine whether treatment groups might differ in clinical improvement, we examined the proportions of patients within each treatment group that showed at least a 0.5 standard deviation improvement on the global scale and tested the significance of differences among the treatments by using chi-square analysis.
Results
Demographic and clinical characteristics of the 101 patients who contributed neurocognitive data are shown in Table 1 . There were no significant differences among treatment groups in race, sex, or diagnostic composition, nor were there differences in age, duration of illness or age at onset, number of previous hospitalizations, or duration of time spent in the study. There were no differences in baseline psychopathology scores, except that patients in the clozapine group had higher baseline scores on the general psychopathology subscale of the Positive and Negative Syndrome Scale.
Comparisons of the 101 patients who participated in the neurocognitive assessments to the 56 patients who did not revealed no significant differences on any of the demographic or clinical variables, including baseline scores on the Positive and Negative Syndrome Scale (for total score or positive symptom, negative symptom, or general psychopathology subscale scores, all p>0.15).
Neurocognitive Test Results
Principal-components analysis on the 16 baseline scores yielded four factors with eigenvalues greater than one that were retained and subjected to varimax rotation (Table 2 ). While labeling of factors derived from principalcomponents analysis is a subjective process, we believe the assignment of tests to each domain (indicated by bold in Table 2 ) was interpretable on the basis of existing theory. We also conducted a principal-components analysis that included the baseline WAIS-R Information and Vocabulary scores to determine whether the factor structure might be influenced by these measures often considered indices of "premorbid" intellectual ability. That analysis yielded the same four factors as the original principalcomponents analysis plus a fifth factor that contained only these two WAIS-R variables, which supported the original principal-components analysis and the four-factor solution. Thus, four domain scores were constructed on the basis of the four-factor principal-components analysis, as the mean of z scores on contributing variables, with each variable weighted equally (i.e., each variable z score was weighted 0 or 1, rather than using the rotated factor scores). These z scores were based on the mean and standard deviation of each test at baseline and used the group of patients who completed each test at both base- Baseline and endpoint scores for the individual tests and the neurocognitive domains within each treatment group are shown in Table 3 . While there was an overall tendency for scores to be higher at endpoint, performance on individual neurocognitive tests remained at impaired levels with respect to healthy normative standards.
Treatment Effects
The main analyses of treatment effects are presented in Table 4 .
For each score we examined the main effect of time (baseline, endpoint) and the group-by-time interaction effect. Table 4 shows that there was a significant main effect of time on the global score and on three of the four domain scores, suggesting that some groups showed significant changes from baseline to endpoint. Post hoc tests revealed which groups changed: 1) in global score, patients treated with olanzapine and risperidone improved; 2) in general executive and perceptual organization, patients treated Table 2 ). c Only administered at baseline to help estimate general cognitive ability and index "premorbid" cognitive capacity. d Age-corrected scale score.
with olanzapine improved; 3) in processing speed and attention, patients treated with olanzapine improved; and 4) in simple motor functioning, patients treated with clozapine improved. The group-by-time interaction effects were also significant for the global score and for the declarative verbal learning and memory domain. For the global score, post hoc tests revealed that both olanzapine and risperidone treatment resulted in greater improvement over time than did haloperidol treatment. For the declarative verbal learning and memory domain, treatment with risperidone resulted in greater improvement over time than did treatment with either clozapine or haloperidol. Inspection of the least squares means in Table 3 reveals that the changes from baseline to endpoint ranged up to 0.68 scale score points. The actual effect sizes (i.e., using Cohen's d) tended to be slightly larger, since the standard deviations of the composite scores tended to be less than 1.0. The highest effect size (d=0.74) was seen with olanzapine treatment for change in processing speed and attention. Medium effect sizes for change on the global scale were seen for olanzapine (d=0.59) and risperidone (d= 0.55), whereas the effect sizes were small for clozapine (d= 0.21) and haloperidol (d=-0.08).
Relation of Neurocognitive Change to Clinical and Treatment Variables
A series of additional analyses examined the degree to which changes in neurocognitive scores might relate to clinical rating scale assessments, side effects, and treatments received.
To assess relations to clinical change, the clinical variables were used as time-varying covariates in the mixedmodel repeated-measures analyses of variance. Clinical variables included the total score and positive symptom, negative symptom, and general psychopathology subscale scores from the Positive and Negative Syndrome Scale and the Quality of Life scale scores. These analyses were designed both to assess the degree of association between the clinical variables and the neurocognitive effects and the degree to which the neurocognitive effects might remain significant even after accounting for the variance explained by clinical change.
We used the step-down Bonferroni procedure to establish the same thresholds for assessing statistical significance as we did in the main analyses (for the global scale, family-wise alpha=0.05; for the four neurocognitive domain scores: family-wise alpha=0.0125). The Positive and Negative Syndrome Scale total score was significantly related to the global score (F=6.86, df=1, 95, p<0.01) and the domains of general executive and perceptual organization (F=6.53, df=1, 94, p<0.01) and processing speed and attention (F=6.86, df=1, 90, p<0.01). The positive symptom subscale score was not significantly related to any of the neurocognitive measures. The negative symptom subscale score was most robustly associated with the neurocognitive scores and significantly associated with the global score (F=15.27, df=1, 95, p<0.0002) and the domains of general executive and perceptual organization (F=11.31, df=1, 94, p<0.001) and processing speed and attention (F= 6.79, df=1, 90, p<0.01). The general psychopathology subscale score was significantly related only to the global neurocognitive score (F=4.68, df=1, 95, p<0.03). There were no significant associations of Quality of Life ratings with any of the neurocognitive scores. Among adverse effects, we found no significant relations with ratings of sedation from the NOSIE, but we did find significant effects of Extrapyramidal Symptom Rating Scale ratings on the global scale (F=4.78, df=1, 95, p<0.03), which appeared to be due to a relatively strong effect on the simple motor functioning domain (F=14.18, df=1, 74, p<0.0003). Despite the relations of the covariates with neurocognitive variables, the Positive and Negative Syndrome Scale scores had relatively little influence on the significance of the main effects of time, the group-by-time interaction effects, or the post hoc comparisons among treatment groups that were reported in the main analyses. For the global score, none of these covariates modified the pattern of significant findings as reported in Table 4 . Among the other neurocognitive domain scores, the pattern of significant findings remained, with one exception. There was no longer a main effect of time at the 0.0125 alpha level for the general executive and perceptual organization domain after the Positive and Negative Syndrome Scale total score (F=3.96, df=1, 94, p<0.05) and the positive symptom (F= 5.75, df=1, 94, p<0.019), negative symptom (F=6.02, df=1, 94, p=0.016), and general psychopathology (F=5.15, df=1, 94, p<0.03) subscale scores were entered as covariates; all other effects and post hoc comparisons remained significant. Analyses that used benztropine dose as a covariate also rendered nonsignificant the main effect of time on the general executive and perceptual organization domain (F=2.48, df=1, 54, p<0.12), but other significant effects noted in Table 4 remained. Quality of Life scale, sedation ratings, and Extrapyramidal Symptom Rating Scale scores did not alter the pattern of effects in Table 4 .
To examine possible effects of medication blood levels, we used the mixed-model approach separately within each treatment group (since the values were highly unbalanced across the groups) with endpoint dose as a time-invariant covariate. Here again we used family-wise alpha= 0.05 for global score and family-wise alpha=0.0125 for the four neurocognitive domains. There were no significant interactions of blood level with time for any scale within any treatment group. Within the haloperidol group, higher blood levels were associated with less improvement on the motor functioning domain, but the finding did not achieve significance (F=4.45, df=1, 24, p<0.05).
"Clinically Significant" Improvement in Neurocognitive Function
Finally, we examined the proportions of patients improving by at least 0.5 standard deviation on the global scale and found significant differences between treatment groups in the proportions improved (χ 2 =17.5, df=3, p<0.0006) (Figure 1 ). Pairwise comparisons revealed that more patients were classified as having improved in the olanzapine group than in either the haloperidol group (χ 2 =14.3, df=1, p<0.0002) or the clozapine group (χ 2 =9.6, df=1, p<0.002); the percentage of patients experiencing clinically significant improvement did not significantly differ between those given olanzapine and those given risperidone. Significantly more patients treated with risperidone than with haloperidol met the clinically significant improvement criteria (χ 2 =6.0, df=1, p<0.02).
Discussion
This study of patients randomly assigned to treatments with the atypical antipsychotic agents clozapine, olanzapine, and risperidone or the conventional neuroleptic agent haloperidol showed an overall superiority of olanzapine and risperidone on a range of neurocognitive functions. When we compared the gains in global cognitive performance, both olanzapine and risperidone showed statistically significant changes with treatment, and both olanzapine and risperidone were superior to haloperidol, but their effects did not differ significantly from each other or from clozapine.
The change in global neurocognitive performance (using standard deviations of the baseline scores as an index of effect size) was of medium magnitude for treatment 36, df=25, p<0 .001) and risperidone (t=4.21, df=25, p<0.002); post hoc pairwise comparisons revealed a significantly greater improvement relative to that seen with haloperidol treatment for olanzapine (t=3.36, df=49, p<0.006) and risperidone (t=3.15, df=49, p<0.006). b Bonferroni-corrected alpha set at 0.0125 to control for type I error given the multiplicity of statistical tests. c Post hoc comparisons revealed significant improvement over time for treatment with olanzapine (t=3.11, df=25, p<0.01) and nearly significant improvement for risperidone (t=2.73, df=25, p<0.03); post hoc pairwise comparisons revealed a nearly significant greater improvement relative to that seen with haloperidol treatment for olanzapine (t=2.86, df=49, p<0.03) and risperidone (t=2.64, df=49, p<0.03). d Post hoc comparisons revealed improvement over time for treatment with risperidone (t=4.62, df=25, p<0.0001) and olanzapine (t=2.46, df= 25, p<0.05); post hoc pairwise comparisons revealed significantly greater improvement seen with risperidone treatment relative to that seen with haloperidol (t=2.06, df=49, p<0.008) or clozapine (t=3.58, df=48, p<0.003).
with olanzapine (0.59) and risperidone (0.55). For comparison to a widely used metric, this would be approximately eight to nine "IQ-equivalent" points. While our patients continued to have test scores reflecting significant neurocognitive impairment, more than half of the patients who received olanzapine or risperidone showed cognitive gains greater than 0.5 standard deviation (i.e., 7.5 IQ-equivalent points). These gains were large enough to be considered clinically significant and were larger than would be expected from prior test exposure effects. Overall the findings suggest that significant cognitive improvements may be possible even among patients who have shown limited response to conventional treatment.
One potentially surprising aspect of this study was the relatively modest neurocognitive benefit of clozapine treatment, despite the finding that clozapine had robust effects on clinical symptoms in these patients (13) . It is possible that the failure to demonstrate neurocognitive benefits of clozapine reflects our failure to test relevant constructs. It was commented previously that clozapine's unique mechanism of action may preferentially involve "paleocortical" systems, particularly those of the ventral and orbital frontal regions, that have been linked to social cognition and response-inhibition functions (5). Assessment of these functions has often been incomplete in conventional neurocognitive batteries (25, 26) .
Clozapine only had a significant beneficial impact on motor performance. This might be explained by clozapine's relative low affinity for the dopamine-2 (D 2 ) receptor or its unique regional distribution of effects within the basal ganglia. The lack of differences between treatments on motor functioning should be considered in the context of the treatment algorithm, which was designed to minimize adverse motor side effects through prescription (by psychiatrists blind to treatment assignment) of adjunctive antiparkinsonian treatments where indicated. These results might be considered support for the idea that clozapine exerts its most prominent beneficial cognitive effects by means of reduction in motor and cognitive slowing associated with D 2 antagonism in the frontostriatal system (5).
Olanzapine and risperidone had a similar magnitude of effect on global neurocognitive function, but inspection of results from individual neurocognitive domains suggests that there may be more specific effects of these drugs that could be pursued in future investigations. Treatment with olanzapine resulted in significant improvement in the domains of processing speed and attention and general executive and perceptual organization. Various explanations for olanzapine-associated benefits have usually centered on less activity at the D 2 receptor, along with more pronounced serotonergic, adrenergic, histaminic, or effects at non-D 2 dopamine receptors (10) . In contrast, risperidone appeared to show more robust effects in the domain of declarative verbal learning and memory, for which it was superior to both haloperidol and clozapine treatment.
These differences might be explained in part by anticholinergic mechanisms that are known to affect memory. Anticholinergic effects could be associated with the intrinsic properties of the antipsychotics or be due to co-administered benztropine (1, 27, 28) . Risperidone might be superior to clozapine because clozapine treatment involves high levels of intrinsic anticholinergic activity and has been associated with memory deficit (29) . The observation that olanzapine was not superior to either haloperidol or clozapine in its effect on memory might also be explained by its high levels of intrinsic anticholinergic activity, which may be higher than those observed with clozapine treatment (30) . Anticholinergic effects may also have led the haloperidol patients to perform worse, since they received obligatory benztropine. Although we found no statistical association of anticholinergic blood levels with memory change, paralleling the findings of Green and colleagues (31) , it is possible that more sensitive measures of anticholinergic activity might detect such effects.
Our findings might be considered at odds with some conclusions presented elsewhere in the literature. For example, one review suggested different profiles of selective cognitive efficacy for different atypical antipsychotic drugs (10) . On the basis of a survey of 18 publications and their own open trial of 20 patients switched from typical antipsychotics to olanzapine, Meltzer and McGurk suggested that effects were most robust with clozapine for attention and verbal fluency; risperidone for working memory, executive functioning, and attention; and olanzapine for verbal learning/memory, fluency, and executive function. While efforts to summarize these findings are laudable, it should be noted that the conclusions were based on early studies with relatively small study group sizes, only two of which used double-blind designs, and none of which provided head-to-head comparisons among all three agents, as our study did. One recent double-blind study did include head-to-head comparisons of patients randomly assigned to treatment with risperidone, haloperidol, or olanzapine and concluded that olanzapine had superior cognitive benefits than both risperidone and haloperidol (11) . Some interpretive challenges for that study are posed by the relatively small study group sizes (among 65 patients completing baseline assessments, 10 terminated before completing a second assessment, and 27 more failed to complete the study). The authors of that study highlighted the possible problem of selective attrition in both the haloperidol group (which had a disproportionate number of early dropouts) and the risperidone group (for which there were different results from the intent-to-treat last-observation-carried-forward analyses, compared with other analyses). Overall, however, we believe that the findings published so far are relatively consistent in showing cognitive benefits of the newer antipsychotics compared with conventional treatments. We further believe efforts to discern differences in the neurocognitive profiles of different agents are likely to require substantial further study with designs that specifically target this goal, with perhaps meta-analysis of such studies to help overcome the necessary limitations of any individual project.
There were generally modest associations of neurocognitive change with symptom ratings. Paralleling prior research, negative symptoms showed a more consistent pattern of association with neurocognitive deficits. Of possible interest are the observations that these symptoms were associated with general, executive, processing speed, and attentional measures but not with verbal learning/ memory or motor functions, suggesting that these might constitute unique syndromal elements. The treatment effects on neurocognitive function did not appear to be substantially modulated by symptoms. These findings support the contention that treatment-related modulation of cognition and symptoms may proceed with considerable independence. Neurocognitive change also was not clearly related to a range of other possible mediating factors, including extrapyramidal symptoms, sedation, or adjunctive medication use (which did not differ among treatment groups [13] ).
The use of cognitive domain scores likely increased the sensitivity of this study compared with those that used individual neurocognitive test scores. First, composite scores have higher reliability and stability than do individual test scores. Second, reducing the number of variables examined (in this case from 16 to four) reduces the stringency of corrections for multiple comparisons. The assignment of variables to domains, which in this study was informed by factor analysis, would likely differ in other samples or if different tests were used. For this patient group and this set of variables, however, these domain scores appeared to provide an intuitively appealing and psychometrically reasonable summary of neurocognitive performance.
Finally, there are limitations of this study that should be acknowledged. First, it is not clear how well the results may generalize to patients with a more favorable response to treatment. The findings appear consistent, however, with other studies of the neurocognitive effects of atypical antipsychotics in treatment-responsive and first-episode patient groups (reviewed in references 3 and 4; see also recent presentations [12, 32] ). Second, this study used relatively high doses of all medications, particularly risperidone. This might be expected to yield higher levels of extrapyramidal side effects and higher doses of adjunctive anticholinergic treatments and thus either more motor slowing or more memory impairment than might be the case with lower-dose treatment. It should be noted, however, that all treatments were adjusted by clinicians who were blind to treatment assignment, and extrapyramidal symptoms actually decreased with all treatments. These patients had not shown good clinical responses to a broad range of prior treatments, usually reflecting attempts with multiple conventional antipsychotic drugs and adjunctive agents. Third, it should be noted that the study inclusion/ exclusion criteria permitted patients who had limited prior response to haloperidol, but not patients who had demonstrated lack of response to the other treatments. This might have biased the findings toward showing less improvement in the haloperidol group. Fourth, while the double-blind, random assignment design of this trial had many advantages, we cannot rule out the possibility that apparent improvements attributable to some treatments (i.e., the newer agents) may instead reflect the effects of prior exposure or experience with the tests, while other treatments (i.e., haloperidol) might have prevented these effects. Future trials might incorporate multiple baseline assessments, additional control groups, or other strategies to address the possibility that some treatments permit benefit from prior test exposure whereas others do not. In the meantime we believe the findings reported here reflect cognitive changes that may be clinically meaningful, regardless of whether these are due to direct effects of the newer agents or whether the observed changes reflect differences in the capacity to benefit from experience. It remains to be demonstrated whether cognitive changes of this magnitude, in this group of patients, make a substantial difference in patients' social and vocational functioning or other indices of outcome that were not assessed in our study. It must be remembered that despite cognitive gains, our patients continued to suffer from significant impairments of cognitive ability and social/vocational functioning. Overall, however, we believe that these patients represent a large and important population of individuals who may show meaningful neurocognitive benefits from treatment with newer antipsychotic agents. We hope that future research will examine further domains of neurocognitive and social/emotional functions that may be modulated by these treatments and delineate the relations of these effects to both underlying mechanisms and functional outcomes.
